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ABSTRACT 

This final report includes a review of the structural and elec- 

trical work, carried out on amorphous semiconducting materials under 

contract DAHC04-7t. r-0024 and suimrarizes results and conclusions. 

Also listed are technical reports, publications, theses, and per- 

sonnel who have participated in this project. 
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STATEMENT OF PROBLEM 

A major objective of this work has been to carry out metallurgical 

and electronic characterization of amorphous semiconductors in order 

to understand basic factors controlling electronic behavior and material 

propertie-j of significance for device operation and stability. 

STRUCTURE OF AMORPHOUS SEiMICONDlK.TÜRS 

Central to any discussion of the thermal or electronic properties 

of amorphous semiconductors is knowledge of the atomic structure of the 

material. Structural analysis has therefore played an important part 

in the present program. 

Diffraction measurements on glassy or amorphous materials yield 

a radial atomic distribution function, which provides in effect a 

spectrum of interatomic distances in the material.  A major experimental 

difficulty is the exclusion of compton background in the x-ray case, 

or exclusion of inelastically scattered electrons in the case of elec- 

tron diffraction. The electron diffraction measurements described in 

detail in earlier reports were carried out with an instrument in which 

inelastically scattered electrons are rejected by an electrostatic 

filter and intensities are measured electronically, i.e., without use 

of photographic plates. 

Atomic radial distribution functions have been obtained for thin 

films of GexTe1_x, Ge^e^, (As2Se3)x
(As2Te3)l-x followin8 earlier 

work on Ge and GeTe. A major result is that nearest neighbor distances 

approximate those calculated by taking the sum of the covalent radii, 

and that coordination numbers are consistent with thosR expected if the 

constituent atoms possess their usual valencies. 
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The diffraction data therefpre imply" that the amorphous semi- 

conductors examined could be regarded as primarily covalently bonded 

solid solutions.  Calculations have shown that chemical ordering or 

certain types of phase separation might be exceedingly difficult to 

discover by diffraction measurements. 

A major result has been the reinforcement of earlier work that 

showed that an amorphous material need not necessarily possess the 

same local order as crystal structures that may occur at certain 

compositions.  Thus the work on GeSe, GeSe^ gave the result that the 

amorphous films could be regarded as covalent solid solutions with 

local atomic order considerably different from those existing at these 

particular compositions, as concluded earlier for GeTe by various 

workers.  In the case of the As„Se--As-Te_ films, however, the local 

order in both glass and crystalline structures are similar.  Comparison 

with curves calculated for microcrystallites of As„Se„ and As-Te_ show 

a neavest neighbor peak that corresponds closely with the experimental 

curves for the glasses, however second nearest neighbor and higher peaks 

L.r iiaan; :anc 

layer structure exist in these materials. 

The existence of a peak in the diffracted intensity curve at a 

very small angle has been taken in the literature to .strongly indicate 

a layered structure; however calculations for small randomly oriented 

crystallites of As^Se- and As.Te. also show such. P.  small angle peak 

although the hypothetic structure does not possess a layer structure 

extending more than one unit cell in extent. 
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HEAT TREATMENT , 

Films heated to the glass transition point insiue the electron 

diffraction system failed to show any significant change in diffracted 

intensity profile., thus indicating the increased disorder due to 

enhanced thermal motion at the glass transition is much less than the 

preexisting structural disorder. 

Heat treatment of films upon which a thin layer of Cu had been 

deposited showed very drastic changes in the amorphous diffraction 

pattern at temperatures not much above room temperature. The copper 

seems to diffuse into the films uniformly producing first a change 

in glassy structure and then an early devitrification. The details 

of this process have not been elucidated but is consistent with earlier 

reports on the devitrification of selenium. Reactions with aluminum 

or molybdenum were not found, although such reactions may possibly 

occur in devices where very high electric fields and high transient 

temperatures may enhance diffusion and promote a reaction. 

Electrical measurements however indicate that molybdenum elec- 

in the material impedence could be brought about by very minor heat 

treatments. 

CALORIHETRY 

Measurements on bulk glasses in the As2Se -As2Te„ system using 

a sensitive differential scanrvnt/ calorimeter have established the 

glass transition temperature and has provided crystallization data 

in greater derail than previously available. The glass transition 

temperature varies smoothly across the compositional diagram; however 

-    ■ ^-  iM*    ma   fit** mm   taimmmtl   mtm 
■    ■—iMiiiaaMiii i*i it\^^^^^^^^^t^^^mm\t 

.        i IlllllMMM ■Mill  i mt*m -mmm n  m   i 

I 



•H^aiii«pinipi«Ml^r«pii^pifPPIiqinpiniiM«ni«pR«iiiiMi«.i,iiM«yi ,1 .u ujMffwwwK>'<i ■■■ n .iiiipiminm, ■■pjiint iiiii«nN<lllHiwui"'uui».i nuiui' <'^i"MiuiU'ii MIHWJ.II'I.' < 

crystallization occurs by several steps depending on glass composition 

strongly suggesting phase separation and indicating that limited 

solubility of the end members occurs. 

PHASE SEPARATION 

Efforts to identify the occurence of phase separation in the 

amorphous films have been inconclusive. Evident phase separation in 

the films has only been observed on one rare occasion. The diffrac- 

tion profile of this film was indistinguishable from those from films 

in which no phase separation could be resolved at all by electron 

microscopy. This is a major result—the diffuse diffraction pat- 

tern may be completely insensitive to certain types of phase separa- 

tion. Crystallites do give very significant changes in the diffrac- 

tion pattern. 

Where carried out, scanning electron microscopy of fractured 

bulk selenium based glasses also did not reveal the presence of 

glass phase separation. 

RADIATION TREATMENT 

Work on the effects of high energy radiation on the properties 

of some oxide glasses was initiated early in the program but was not 

pursued beyond the first year or extended to the chalcogenide glasses. 

Several experiments on the chalcogenide materials were frustrated fay 

reactor problems, which nullified much preradiation materials charac- 

terization effort.  Discussions of the oxide glass results are to be 

found in previous reports. 

 . .. :- ■tMl.i,i^.,,l,i   
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ELECTRODE  EFFECTS ^—————ta_—————— i 

A consideration of major importance in conventional semiconductor 

technology is that of the electronic properties of the electrode/semi- 

conductor junction. This is a much neglected area in the case of 

amorphous seiiiconductors and for this reason an evaluation of the 

electrical response of materials having different electrode configura- 

tions was carried out. 

Thin films were investigated in a sandwich or cap icitor arrange- 

ment (as commonly employed) and in an in line, planar, arrangement 

in which a glass film is deposited over two electrodes separated by 

a gap of order lOy. 

Measurements of the frequency dependence of the electronic con- 

ductance of the material were carried out with the two arrangements 

and with aluminum and molybdenum electrodes. 

The major result obtained was that electrode/semiconductor 

junction capacitance dominated the capacitor configuration results. 

Thus the distinction between hopping and other conduction mechanisms 

r.".-T.i: .■i'.:,:  lnv«*ti2«cioa o^ »lectrodes, 

Measurements of the frequency dependent conductance showed a 

major change when a d.c. bias field was applied.  The curves obtained 

in the presence of a bias field compared very closely with curves 

calculated for electrodes possessing Schottky barrier characteristics. 

The effect of the bias field changes the barrier capacitance and hence 

changed the a.c. measurements. 

The planar, low capacitance, structure appeared to be insensitive 

to this effect and the results least affected by the electrodes were 

obtained with the planar arrangement and molybdenum electrodes. In 
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this way hopping conduction was clearly observed in some materials 

cuid was evidently absent h   others. 

Noise measurenents on the two types of structures were also in 

agreement with this result.  Changes in the noise spectrum by many 

orders of magnitude were observed when a bias field was applied to 

a device. 
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TEGIiiN'LGU. REPORTS PUBLISHED 

Report No. 1, August 6, 1970 

This report describes work, carried out during the first six- 

montu period on a project directed towards a thorough electrical 

and metallurgical characterization of selected amorphous semiconduct- 

ing materials. 

Equipment for bulk, glass preparation has been set up and some 

thin film structures have beer fabricated by flash evaporation tech- 

niques. Work has commenced on local order strur-.ural measurements 

and electrical characterization of binary germanium tellurium alloys. 

It is intended that this study will be extended into more complicated 

systems as the project, continues. 

Work has commenced on systems based on the vanadium, phosphorus 

and potassium oxides, ard a new crystalline phase has been discovered 

within this systen  A comparative study of the electronic properties 

of crystalline materials ant' glasses having the same composition is 

being carried out.  Finally, degradation of thin film electrodes has 

been observed under certain conditions and is being investigated. 

Report No. 2, February 6, 19^l 

This report describes work carried out during the first twelve 

months on a project directed towards a thorough electrical and metal- 

lurgical characterization of selected amorphous semiconducting 

materials. 

A range of semiconductors of compositions Ge Se.,  and Ge Te, 

have been prepared and have been examined by x-ray diffraction to 

verify the composition limits of the glass forming regions reported 
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by previous workers.     Thin films have been prepared by flash evipora- 

tion of  crushed bulk, compounds  and have been subjected to rdf analysis 

and electron microscopy,   and several structural models  are  compared. 

Studies on the crystallization kinetics of  the glasses  are being 

carried out with particular reference  to material  composition.    An 

interpretation of   these  initial experiments  is given in terms of a 

possible structural model for  the glasses. 

The importance  o.:   crystallite size on fast neutroa damage  dirfnold 

in heterogeneous a^orpaous  semiconductors  is  emphasized and the results 

of  radiation experiments  on vanadate glasses  are  discussed. 

Report No.   3,  September 6,   1971 

This semiannaul  report  contains  copies of  papers  CO be published 

in the proceedings  of  the Fourth International Conference on Amorphous 

and Liquid Semiconductors.     The  first  reports measurements  on the 

thermal properties  of  germanium selenides using  differential  thermal 

analysis,   the second describes  changes  in local atomic order in thin 

films of  composition GeTe    produced by deposition  conditions  and heat 

treatment;   the  third paper summarizes work on  the  effect of microstruc- 

ture on the radiation sensitivity of  semiconducting glasses.    Also 

included is      discussion of  the structure of  amorphous Ge^e^ films 

and their response  to heat  treatment.    This work has been accepted by 

the University of  Florida as partial  fulfillment  of   the requirements 

of  the M.S.   degree of Mr.   B.  Molnar. 

Report No.   4,   February  6,   1972 

This  second annual report  describes work carried out on the 

structural and electrical characterization of  chalcogenide glasses. 
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Electron diffraction radial distribution studies have been completed 

in the As2Te„_ Se system and the thermal staoility of these glasses 

in the presence o^ metallic surface layers has been examined  X-ray 

measurements on the kinetics of crvstallization of bL-lk GeSe glasses 

have been continued and diffuse scattering dafj. Wave been obtained 

on a number of oe-Se-As bulk glasses.  Glass transition and crystal- 

lization temperatures have been observed by differential scanning 

calorimetry, a technique of high sensitivity. 

A comparison is made between the a.c. conductivity of glasses 

measured with planar and sandwich electrode configurations. A 

significant difference has been found which may be attributed to 

electrode polarization effects in the sandwich structure. 

Finally, a simple teennique employing the decomposition of 

molybdenum carbor.y.l la described for the rapid deposition of thick 

refractory electrodes of good conductivity. 

Report No. 5, September 6, 1972 

This semiannual report contains some new measurements on the 

thermal stability of As9Se„-As2Te. glasses in which multiple crystal- 

lization processes have been found by differential scanning calorimetry. 

X-ray work is in progress to identify the successive phasc-a formed. 

Further discussion is given of the ctructure of As^Se« films by 

comparing intensity and rdf curves obtained experimentally with 

theoretical curves derived from a microcrystallite model.  It xs found 

that the nearest neighbor distance and average coordination is the 

same in the amorphous film and crystalline model.  However the third 

prominent interatomic separation in the crystalline case is absent in 
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the experimental rdf.  This strongly indicates that a glassy network 

model is more in accord with the experimental rJ: than a microcrystal- 

line model. 

Continuation of  the work on the iirteraction between As.Se    and 

Ju support grids  is  strongly  indicative  Df  the  formation of Cu„    Se 
2-x 

upon heat ireatment.  Finally a review article on electron diffraction 

rdfs of amorphous films prepared for the Ph>sics of Thin Films is 

included. 

Report No. 6, February 6, 1973 

This report contains a review of work carried out on the electrical 

properties of contacts to chalcogenide glasses.  The room temperature 

electrical properties of thin films of glasses have been measured with 

both sandwich and planar electrode configurations.  Conductance and 

capacitance were measured versus frequency in the two cases as a function 

of biaif voltage. A variation in response was found with bias voltage 

except in the case of the planar structure with molybdenum electrodes. 

The variation is quite consisten with a .rodei in which Schottky barriers 

exist at the electrodes.  These reults throw serious doubt on previous 

measurements of conductance and capacitance in thin films where the large 

changes with frequency observed were interpreted as due to material 

properties. 

Measurements of the spectral distribution of noise currents have 

also been made for the two film configurations under bias and no bias 

conditions. All devices showed ar. increase in noise by several orders 

of magnitude when a biasing voltage was applied. 
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